We show by inherent structure (IS) analysis that the sharp composition dependent breakdown of the Stokes-Einstein relation correlates surprisingly well with an equally sharp non-monotonic variation in the average inherent structure (IS) energy of these mixtures.
I. INTRODUCTION
are simple Lennard-Jones type, with a strong attractive interaction between the two constituents A and B. 5 In the opposite limit of mutually repulsive interaction between the dissimilar species, one can have a scenario where phase separation is narrowly avoided, but a strong composition-dependent anomaly is observed. 6 However, these spherical
Lennard-Jones models are too simple to capture the complex structure and dynamics of real, molecular liquid mixtures like carbon tetrachloride-ethyl acetate, methanol-toluene, water-DMSO, waterurea and water-alcohols to name a few.
Real mixtures often contain simultaneously both hydrophobic and hydrophilic interactions which make them distinct. This is particularly true for aqueous binary mixtures (ABMs). [7] [8] [9] Aqueous binary mixtures are widely used in chemical, physical and pharmaceutical industries for the reason that these mixtures have highly tunable properties. Even a small, 5-10% change in composition can change the solvation properties greatly. [10] [11] [12] [13] [14] [15] [16] [17] ABMs exhibit many remarkable anomalies that have drawn interests over the years. 18 properties of water-DMSO and waterethanol binary mixtures. 22, 34, 35 This is the first ever study to explore the inherent structures in order to explain the anomalous properties of aqueous binary mixtures.
In our recent work, 41 In the continuation of our earlier work, 41 We have shown through inherent structure analysis that at a critical composition (xC), the average inherent structure energy exhibits a sharp fall, followed by a rise, for Electrostatic long-range corrections have been considered by the particle mesh Ewald (PME) method. 48 All the simulations have been carried out in cubic boxes with periodic boundary conditions. To calculate the inherent structure energies, we have performed the conjugate gradient (CG) minimization 49 for 2000 equilibrium configurations and obtained the average inherent structure energies.
III. FUNDAMENTALS

A. Calculation of viscosity
The shear viscosity () of binary mixtures is calculated using Green-Kubo relation of shear viscosity as given below,
where V is the volume of the system,
element of the stress tensor, defined as
where i m is the mass, i v  and i v  are the  and  components of velocity of the i th particle; ij F  is the  component of the force exerted on particle i by particle j and ij r  is the component of the particleparticle separation vector, 
B. Calculation of diffusion coefficient
The self-diffusion coefficient (Di) of the components of binary mixtures is calculated using the Green-Kubo relation of shear viscosity as given below, 
where RH is the effective hydrodynamic radius. The above results can also be used in a mode coupling theory (MCT) 57, 58 description that employs wave number dependent dynamic structure factor (DSF).
In MCT, viscosity is obtained by a wavenumber integration of the dynamic structure factor. Thus, non-monotonic dependence in the relaxation of DSF is reflected in the non-monotonic dependence of viscosity, and in effective hydrodynamic radius.
D. Hydrogen-Bond Analysis
Another useful order parameter to describe the observed anomalies is the number of 
V. CONCLUSION
The sharp turnaround (or, reentrant) behaviour observed in water-DMSO and water-EtOH binary mixtures is indeed surprising. The microscopic origin of this re-entrance is even more surprising, especially so because the reason is the same for the two mixtures. We established that both the re-entrances are consequence of the existence of a unique stable state, at the respective composition where each mixture is structurally the most stable. We further demonstrated that this stability is due to the appearance of a network with an optimum number of the hydrogen bond, in the sense that the frustration in the number of hydrogen bonds is minimum. In both cases, the hydrogen bond network is further stabilized by hydrophobic interactions (as shown in Figure 8(a) and 8(b) ).
The And finally, a fully theoretical calculation would involve a complex and non-trivial implementation of mode coupling theory type approach 57 which is under progress.
